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Introduction
One of the major challenges in cardiovascular medicine is to develop a tool for predicting the risk that an individual will suffer an acute cardiovascular event. During the last few decades, there has been a great interest in finding diagnostic and prognostic biomarkers that can be detected in blood long before an event may occur (1-3). In addition to established biomarkers such as lipid and glucose abnormalities, new biomarkers have been explored to enhance prediction for cardiovascular disease. The Fas (also called Apo-1 or CD95) system is an apoptosis-signaling receptor located on the cell surface that belongs to the tumor necrosis factor receptor family (4) .
Apoptosis may be linked to the pathogenesis of cardiovascular disease (CVD) (5) including subarachnoid hemorrhage (6, 7) ; however no evidence has been available on the prospective associations between blood sFas and risk of CVD. Most of the previous studies were limited to describe an activation of the Fas system after the onset of coronary heart disease (CHD) (8) (9) (10) , congestive heart failure (11, 12) and cerebrovascular diseases (13, 14) .
We therefore investigated the associations between blood sFas levels and mortality from stroke and its subtypes including subarachnoid hemorrhage among middle-aged Japanese men and women by a nested-case control study under a nation-wide large prospective study.
Methods
Survey Population
We conducted a nested case-control study as part of the Japan Collaborative Cohort Study (JACC) sponsored by the Ministry of Education and Science, which was first conducted in [1988] [1989] [1990] and involved 110,585 participants (46,395 men and 64,190 women, age 40-79 years) living in 45 communities throughout Japan who completed self-administered questionnaires about their lifestyles and medical histories of previous cardiovascular disease and cancer (15) . Informed consent was obtained from the participants when they completed the questionnaire. In several communities, informed consent was obtained at community level after the study purpose, methods and data confidentiality had been explained to community leaders and mayors.
A total of 39,242 subjects (35.4% of the questionnaire respondents) provided blood samples after giving individual informed consent (16) . After 557 men and 916 women with a history of cardiovascular disease or cancer at baseline had been excluded, a total of 37,769 subjects (13,282 men and 24,487 women) were enrolled in the study presented here, which was approved by the Ethics Committees of the University of Tsukuba and Osaka University.
Mortality Surveillance
The participants were followed up to determine mortality of cardiovascular disease by the end of 1997. For mortality surveillance in individual communities, investigators conducted systematic reviews of the death certificates, all of which were forwarded to the public health center in the area of residency. Mortality data were centralized at the Ministry of Health and Welfare, and the underlying cause of death was coded according to the International Classification of Diseases (ICD), 9th revision, for deaths from 1988 to 1994, and the 10th revision for deaths from 1995 to 1997 as used for the National Vital Statistics. Registration of death is required by the Family Registration Law of Japan and is believed to be adhered to throughout Japan. All deaths occurring in the cohort were thus ascertained by death certificates from a public health center, except for subjects who died after moving away from their original community and were treated as censored cases.
The ICD 9th and 10th revisions were used to determine cause-specific mortality of cardiovascular disease as follows: coronary heart disease (410 to 414, I20 to I25) and total stroke (ICD 9th revision, codes 430 to 438, ICD 10th revision, codes I60 to I69) including intraparenchymal hemorrhage (431, I61), subarachnoid hemorrhage (430, I60), ischemic stroke (433 to 434, I63) and unclassified type of stroke. For each case, one control subject was selected randomly from participants without mortality from stroke or coronary heart disease, and matched for sex, age (±5years), community and year of blood drawing.
Determination of biochemical variables
Sera were prepared from blood samples as soon as possible after blood collection at laboratories in or near the surveyed municipalities. The serum from each participant was divided over 3-5 tubes (300 μl per tube), and stored at -80°C until analysis in a single laboratory (SRL, Inc., Hachioji, Japan); none of the samples had been defrosted (17) . Blood sFas levels were measured by enzyme-linked immuno-adsorbent assay (ELISA), using commercially available kits (MBL Co., Ltd., Nagoya). Since sFas levels were systematically low in one area (no. of stroke cases =2), we excluded all sera from that area from the analysis. All assays were performed and interpreted by individuals who were blinded to the case-control status of samples (18) . The intra-assay precisions obtained using different reference sera for each determination method was 2.1% to 5.5% of the coefficients variation values. The inter-assay coefficient of variance was 8.2% to 12.3%.
Serum total cholesterol was measured using the enzymatic method with an automatic analyzer (Hitachi 7600-210; Hitachi Medical Corp., Tokyo, Japan) at Kotobiken Medical Laboratories, Inc. The standardization of lipid measurement was performed with the aid of the Osaka Medical Center for Health Science and Promotion, an international member of the US National Cholesterol Reference Method Laboratory Network (CRMLN) (19) .
Statistical Analysis
The paired Student's t-test was used to compare the mean values of baseline cardiovascular risk characteristics and blood sFas levels in cases and control subjects. The χ 2 test was used to compare percentages of cases and control subjects. Also in control subjects, differences in baseline risk characteristics were tested according to the sex-specific quartiles of blood sFas levels by the analysis of covariance. The odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for mortality from total stroke, stroke subtype and coronary heart disease according to the sex-specific quartiles and 1-SD increment of sFas were calculated by means of conditional logistic regression models. Cut points of the quartile analyses were determined on the distribution of control subjects. Linear regression was employed to test for linear trends across sFas categories by using a median variable of sFas for each biomarker category. Covariates for the adjustment included serum total cholesterol levels (mmol/L: continuous), cigarette smoking status (non and current), current ethanol intake (non and current), and self-reported histories of physician's diagnosis hypertension and diabetes mellitus (yes vs. no) as well as matching for sex, age, area of residence and year of serum storage.
All p-values for statistical tests were two-tailed and values <0.05 were considered to represent represented statistical significance. The SAS statistical package version 9.4 (Statistical Analysis System Inc., Cary, NC) was used for analyses.
Results
During the median 9-year follow-up, we identified 97 (53 and 44) deaths from coronary heart diseases and 233 deaths from total stroke (121 in men and 112 in women) including 49 (18 and 31) subarachnoid hemorrhages, 55 (27 and 28) intraparenchymal hemorrhages, and 71 (44 and 27) ischemic strokes. years for ischemic stroke, and 67 for coronary heart disease. The prevalence of hypertension and current smokers was higher in cases with total stroke than controls; the case-control difference in hypertension was evident for hemorrhagic strokes, and that in smoking was so for ischemic stroke. The prevalence of diabetes mellitus tended to be higher in cases with coronary heart disease than controls. Mean serum total cholesterol levels were lower in cases with total stroke, especially intraparenchymal hemorrhage than in controls. Mean sFas levels were higher in cases with total stroke, especially subarachnoid hemorrhage than controls. Risk characteristics according to sex-specific quartiles of blood sFas levels in the control subjects are shown in Supplemental Table 1.   Table 2 presents age-, sex-and community-matched, as well as multivariable odds ratios (95% CIs) for mortality from total stroke, stroke types and coronary heart disease by quartiles of and 1-SD increment in sFas levels. Blood sFas levels were inversely associated with mortality from subarachnoid hemorrhage in both quartile and continuous analyses. Even after further adjustment for cardiovascular risk factors, the association with sFas remained statistically significant. The multivariable odds ratio (95%CI) for subarachnoid hemorrhage for the highest vs. lowest quartiles of sFas was 3.07 (0.52-18.0; P for trend = 0.07), and that for 1-SD increment (1.3 ng/ml in both men and women) of sFas was 4.04 (1.07-15.3; P = 0.04).
The association between sFas levels and mortality from subarachnoid hemorrhage was similarly observed for men and women with no sex interaction; P for interaction = 0.52 (not shown in table). There were no associations of sFas levels with mortality from intraparenchymal hemorrhage, ischemic stroke or coronary heart disease.
Discussion
Our nested case-control study performed as part of a large prospective study showed a positive association between Blood levels of sFas and risk of mortality from subarachnoid hemorrhage.
These associations persisted even after major cardiovascular risk factors were taken into account, and similarly observed for both men and women.
The scope of previous studies that examined the association between sFas and CVD was limited to describe an activation of the Fas system after the onset of cardiovascular events that fades gradually after the case is stabilized (8) (9) (10) (11) (12) . None of those studies has examined the prospective associations between sFas and cardiovascular endpoints. To our knowledge, the current nested case-control study is the first to show a prospective positive association between blood sFas and risk of subarachnoid haemorrhage.
Mechanisms for the increased risk of mortality from subarachnoid hemorrhage associated with higher blood sFas levels are suggested as follows. The expressions of Fas-associated death domain protein, the cytoplasmic domain of Fas, as well as tumor necrosis factor α were increased in cerebral aneurysm samples of patients with subarachnoid hemorrhage compared with samples of superficial temporal arteries of control subjects (20, 21) . Since apoptosis is a key pathology for cerebral aneurysm in rats (22) and humans (23), in particular ruptured aneurysms (24), our finding on the associations of blood sFas levels with risk of subarachnoid hemorrhage is plausible.
Blood sFas could be a promising biomarker for detecting subjects at high risk of subarachnoid hemorrhage.
Blood sFas levels, however, were not associated with risk of other types of stroke, or risk of coronary heart disease, while they were shown to be increased in subjects with or at high risk of ischemic heart disease (8-10). Moreover, one study showed that sFas levels were associated with risk of ischemic stroke; HR (95% CI) for 1-SD increment was 1.31 (1.13-1.51; P=0.004) (25) .
Further research is needed to configure the mechanisms by which blood sFas associates with ischemic and hemorrhagic cardiovascular events.
The strengths of the present study are its prospective design for large community-based samples, the comprehensive nature of the cardiovascular surveys for exposure and confounding variables, the systematic surveillance for mortality outcomes and measuring the biomarkers of interest in a single laboratory with satisfactory reliability and precision.
However, our study has several limitations. First, approximately only 35% of the total participants in health examinations with high participant rates had provided blood samples.
However, no apparent differences were found in age-adjusted mean values or proportions of major cardiovascular risk factors between the subjects who had and who had not provided blood samples (16) . Thus, the selection bias may be small for the evaluation of the biomarkerscardiovascular mortality association. Second, we used frozen serum to estimate biomarkers concentrations and did not examine long-term changes in the stored serum samples. We also confirmed that those serum biomarkers remained stable in serum samples stored up to 9 years at -70 O C (17) . Third, the association of borderline statistical significance with sFas levels in the multivariable categorical analysis could be attributable to the low statistical power. The analysis for 1-SD increment of log-transformed blood levels of sFas showed significant inverse associations. Last, we used the mortality data, not incidence data as endpoints, which biased to severe types of stroke and also liable to misclassification. As for stroke, however, the widespread use of computed tomography scans, even in Japanese local hospitals, since the 1980s has probably made the death certificate diagnosis of total stroke and stroke types sufficiently accurate (26) . Death certificate diagnosis of coronary heart disease may be more problematic since onefourth to one-third of the coronary heart disease deaths appearing on the death certificates were contaminated (27, 28) . The lack of association between biochemical markers and mortality from coronary heart disease might be in part due to the contamination of diagnosis and also the small number of cases.
In summary, Blood sFas levels were associated with higher mortality from subarachnoid hemorrhage among middle-aged men and women. Our findings support the notion that apoptosis may contribute in the development or prognosis of subarachnoid hemorrhage.
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